Introduction
The VVR-S nuclear reactor from IFIN-HH is a research reactor with a maximum thermal power of 2 MW using distilled light water as moderator, coolant and reflector. The reactor was commissioned in 1957 and was operated with nuclear fuel type EK-10 (enrichment 10%) and from 1984, this fuel was replaced by a new fuel type S-36 (enrichment 36%) that was used until 1997, when the reactor was definitively shut-down and now is under decommissioning. Figure 1 shows a horizontal cross section of the VVR-S reactor core [1] .
Generally, the decommissioning of reactors will involve management and disposal of a big amount of operational waste. Except for the reactor core, the main activation products in the reactor come from the graphite and building materials. Even though, the nuclear grade graphite is a relatively pure material and the concentration of the most part of impurities is at ppm level there are still enough impurities able to produce numerous radionuclides by activation. 14 C is produced in the reactor graphite due to the presence of precursor nuclide 13 C, 14 N (main contributor) and 17 O.
The main contribution to accumulation of 3 H in the reactor graphite results from the neutron activation reaction 6 Li(n, α) 3 H.
In the case of VVR-S reactor the overwhelming amount of radionuclides contained in the graphite thermal column is represented by 14 C and 3 H. Therefore the * corresponding author; e-mail: vfugaru@nipne.ro potential release of 14 C and 3 H from graphite requires particular attention for long term storage. 14 C and 3 H are both beta emitters (half-life 5730 years long lived radionuclide and half-life 12.3 years relatively short-lived radionuclide, respectively). As a consequence, the release 3 H is important only for intermediate storage safety of the disposal facility, which is not the case for the release of 14 C containing gases from irradiated graphite [2] [3] [4] .
Experimental procedure
The mobile thermal column ( Fig. 1 ) is made of 6 graphite discs and each disc is cladded in aluminum. Initially, the thermal column was provided with a cooling system that axially penetrated the graphite plate connected to the water-cooling system. During the reactor operation, it was concluded that the cooling system was no longer necessary and it was given up. The horizontal tubes were filled with graphite rods of the same type as the graphite discs of the thermal column.
The irradiated graphite samples were taken from these nuclear grade graphite rods. For this experiment the graphite sampling was performed from a small graphite rod located around the central graphite rod of the disc no. 6 located near the reactor core. One piece was cut from the rod edge near the reactor vessel (Sample 6.1) and the others two pieces from the opposite part of the rod (Sample 6.2.1 and 6.2.2) (see Table I ).
The 14 C and 3 H specific activities of the irradiate graphite used in the experiment were determined by a full combustion method followed by isotopes separation and liquid scintillation counting. The results have been presented in a previous paper [5] .
The irradiated graphite samples were sealed in a glass vessel provided with 4 outlets and inlets. Forty days after the samples were sealed; the vessel was connected to a catalytic oxidizer furnace that contains a CuO catalyzer inside. The 14 C and 3 H compounds released in the gas phase were oxidized in a low oxygen flow rate atmosphere and trapped separately in 5 vials (Fig. 2) . At the end of the measurement the vessel containing the graphite samples was resealed and the experiment was repeated after 2 and 12 months. The first two trapping vessels each contained 5 ml of sulfuric acid 0.1 N (for tritium trapping) and the following three vessels each contained 5 ml of Carbo-Sorb E (for carbon-14 trapping). The sulfuric acid solutions in the first two vessels were mixed together. An aliquot (2 ml of retention solution) was transferred to a 20 ml LSC vial, and 16 ml of UL-TIMA GOLD cocktail was added. The same procedure was followed for the vessels containing Carbo-Sorb, but this time Permafluor scintillator was used. 14 C and 3 H activity was measured by a TRICARB TR 2800 liquid scintillation counter. The sample and the blank were measured for 100 min and 3 cycles, and the averages of three cyclic measurements were calculated [6] .
Results and discussion
Based on the results of carbon-14 and tritium activities and the dilution factors, the total carbon-14 and tritium activities released into gas phase were calculated.
The total carbon-14 and tritium activity released into gas phase are presented in Table II . 
Conclusion
The experiments to measure the release of carbon-14 and tritium into gas phase were performed over a 12-month period. The irradiated graphite was collected from the thermal column of the VVR-S Reactor (at IFIN-HH). Graphite samples were taken from the graphite rod located near the reactor core (graphite disc no. 6). The total mass of the samples was 6.639 g. The initial inventory of carbon-14 and tritium is shown in Table I .
An experimental apparatus has been designed and manufactured to measure the total release of carbon-14 and tritium to gas phase from irradiated graphite samples collected from the thermal column of the VVR-S Reactor.
The total carbon-14 and tritium released to gas phase after 365 days represent approximately 0.064% and respectively 0.010% of the estimated inventory in the graphite samples.
However, these results should be applied with caution for a long-time prediction.
